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Equilibrium Dialysis, Ultrafiltration Combined with UPLC-ESI-MS/MS to
Determine the Plasma Protein Binding Rate of Flavonoids
in Compound Hongcao Freeze-Dried Powder for Injection

HUANG Yong, MU Jing-li, CHEN Hui, ZHENG Lin, HE Feng, ZHANG Zhi-rong, WANG Yong-lin "
(School of pharmacy, Guiyang Medical College, Guiyang 550004, China)

[ Abstract | Objective; Determining the plasma protein binding rate of flavonoids in Compound Hongcao
freeze-dried powder for injection to provide a reference for clinical safe medication and the method for the plasma
protein binding. Method: The ulira-high performance liquid chromatography-mass spectrometry ( UPLC-ESI-MS/
MS) as a detection tool, using equilibrium dialysis method and ultrafiltration to study the plasma protein binding
rate of orientin, vitexin, cynaroside and quercitrin, and compare the differences between the results. Result;
When the drug-plasma concentrations were from 5-100 mg « L', the results showed high plasma binding ability of
these compounds with two method and the binding rates were independent of the investigated concentrations.
However, two method determination of vitexin and cynaroside showed statistical difference (P < 0.01 ).
Conclusion; The established methods as equilibrium dialysis and ultrafiltration both meet the require of
determination the plasma protein binding and the two method had showed difference in some compounds.

[ Key words | flavonoids; plasma protein binding rate ; equilibrium dialysis ultrafiliration ; UPLC-ESI-MS/
MS
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S Ak A BF 9T 4 SR T WY 3 B R 6 e iy
MRBACEY), B R IR S Z R B Y £
FUGPE LAY 2E R B T SR T PO I A
AR S IR R LA A R T L B R
FEAS TG 5 K B R EL AT AR O A LI I GE A
Vo 7 BRI R 3 R R IS M LA
JAYT O VLB L Bl AR B T T A R IE
SEZAY I RS AR .

YR E S5 RSP EESH,
S PR RS AT e D i HE AR 25l A
LS 2 1 5 2L 1% 245 40 BE M 1LV R AV BB Az & 4%
2y BRAE T 455 20 10 25 ) W) OO 24 BT 1 T s L 24
Vi vk B 5 25 W) 0 2 88 | B I o R DD M
X A 25 1Y IS R GG A RO 25 R
rh 2 VRS R B 25 3 20 I R 24 B AR IS B AT
BRI R HE G P 35 BT v
STy i 28 R R AR IR R OR B B M
S P OO AE N L R B 2 G R R P
A1 HAE, Ay R 245 B 3 125 1 BF 9 4 4 — 2 1Y
PR
1
L1 U4 MmO @ 1% ACQUITY UPLC %
G¢,GL4E oE e R IA R R G AR IR AR RS
PO 2% 5 1% AX . Masslynx 4. 1 Ji 3% T/ % ( Waters 2
Al) , Allegra 64R A% 7 & 13 & 0 AL ( 35 H Beckman
2y F]) ,MTN-2800D 7 Z W AS (% HE B2 ey 28 S M (X A4
AT EL204 BYH K (b A 5 - 0] 2
IR AT BRAF] ), YM-10 7Y 8 38 2.0 45 (#8083 A X 40
Fi# 10 K, 3 E Millipore 2 & ), MD34 (8 000 ~
10 000) #4375 Br 42 (€ = AR Wyl i AT BR A 7] o
L2 240 50 SRS IR (b 24 A
A T, L5 0752-9605, 41 > 99% ) 5 27 HE K 4
FIFR AR B MR IR A (20 = 98% , &
NMR,MS %£5€ ) , i 5 FH 52 07 25 55 (A% 100 mg/ 3¢,
L5 1001053 ), A L5 ( Hy 53 M1 48 i g v e S it 37
AFEYS 07001) , FH AR (i all, 2l =98% ) , i . &
i (10 (g2l , K i B AL 2 iR AT R A FD )
S K R Ak, HoAb R X o o A 4k
2 FESEHER
2.1 @5 Waters BEH C it (2. 1 mm x
50 mm,1.7 wm) ,Waters Van Guard BEH C,, f# "4+
(2.1 mm x5 mm,1.7 pm) LTRBhAH 0.1% W R 2 11
(A),0.1% FER/K(B) ,BEEEBEME (0 ~0.5 min,10%
A3;0.5~2 min,10% ~30% A;2 ~2.5 min,90% A;

. 92.

2.5~3.5 min,10% A) , Jii3# 0.35 mL-min ",
45 °C ,#FEEFL 1 wLl,

2.2 UM RAAEWIZHERE, EAEHRES3
KV, B FIRRIE 120 Cimi s 5 AR, EF
FIA W 650 Loh ™" L HIAHE 350 C, KRS
PN 50 Leh ™ flf i AR A Bl A # 0. 16 mL
min "5 HA 5 X Z R BT W (MRM) | IE B
TR (EST ) HF & 03 F XK m/z:449.2—
329.2(2E £ ) ,433.25313. 0 (4131 £ ) ,449.2—
287. 1 (AR EE4F) ,449. 2303 4 (#it fz 5 ) ,417.0
—267.0 (B E, Nbr) , 4 fL A& 55 35,35,
35,35,30 V, filf & fig 5 43 %1k 30,30,25,30,15 V,
2.3 AT

2.3.1 SRS GE RO B R RS PRI R 4
02, AR R MR A R AR E A, A 100 mL i
R Y IR A O R 28 0 B, B AT, T AR TR
43R 1.01,0.996,0.982,1.01 g- L~ i %F B8 5
it 85 W, PN A 5 AR 2R ) B T B Mk Bl 9.0 mg -
L' KB & E T 4 CHRETE& .

2.3.2  WERZE oh M (PBS) MY BCHI K % R HR
KH,PO, 0.20 g, Na,HPO, 2.88 g, KCl 0.20 g, NaCl
8.00 g, T'1 000 mL =i, Le FKIEMIFmER
ZVBE A% pH 7. 4 BERRZZ P, 4 CHEAF 5 .

2.4 AT T

2.4.1 ARSI ALEL RS U LI 3K 200 pL,
WA 50 WL 3 mol+L™"HIER #Ml 50 wL HIfE,
20 wL B AR Z AR W, A 800 L Y IIT 3E 4K
1, I8 TR 1 min, #7575 5 min, TR GEEEE.OHL4 C,
20 000 r-min ', 8> 10 min, B F 5 T 48 C N,
1. H 500 pL HEEE iR 1 min, 875 10 min
J&,F 4 °C,20 000 r-min ", 8.0 10 min, B 35 W
HERE ST o

2.4.2 ZEpR AL RS % WCHRZZ v 200 pL,
WBIMA 50 WL 3 mol+ L~ FHIER, %Ml 50 wL HI i,
20 wL AR R N BRI I, BRAS I AR BT O AR A 4h, H
REAELIRIF L,

2.5 prfEMiZmml g FE S R B gE w b
AZEREFE EIR R BR R MR e B A I, D
il A R I R T A o T UL 4 2. 4 TR RR A
BT EERAE . DARE T VR N B AR AR (X)), BR A
55 9 bR P 0 v AR LA S AR AR (YY) AU R/
e vk A AT mUE T3 A R B (1/C) A3 41k
MUH A RE(FR 1 ~2), S5RFUILED & FE W, Ltk
KAER,
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®1 MEFUAMREREREIFGE

AW JE /g L~

Aty EVEYR r
1 2 3 4 5 6
EiR 0.330 0. 990 2. 969 8.907 26.72 80. 160 Y =0.472X -0. 027 0. 998
IR 0.108 0.323 0. 969 2.906 8.717 26. 150 Y =0.651X -0. 030 0. 999
N 0.015 0. 045 0. 136 0. 409 1.228 3.683 Y =2.761X -0.013 0. 998
Wit Bz 1 0. 083 0.249 0.748 2.244 6.733 20. 200 Y =0.538X —0. 044 0. 997
*2 ZEHRPLEVRERERBIFFRE
A e i /mg - L
[a<x?] [l 5 5 f r
1 2 3 4 5 6
B 0. 025 0.074 0.223 0. 668 2. 004 6.012 Y =2. 844X -0. 059 0. 998
IR 0.024 0.074 0.221 0. 664 1.992 5.976 Y =3.463X - 0. 066 0.998
K R B 0. 003 0. 009 0. 027 0. 082 0. 246 0.737 Y =130. 470X - 0. 025 0. 997
ik Jz 0.010 0.031 0. 094 0.281 0. 842 2.525 Y =2.670X -0. 027 0. 996

2.6 JrikeRik

2.6.1 WETTERLIETE o 0RO s A
200 L oz FABERRZE P 1 mL, A — 7 Jit i
A J3E b VR AR A bR A, 2 N I B 2
W2 2 th L, R 25 AR O A I A AR A AN i SO L
B Ak H A 0 4 2.4 T00F B AR, 3K A A N a3
Pl o TEIESE B 35 e TS 2R F T 20 R R AR R
ARBRHA M B A 4 B B K P AR B A X £R B
A fa) 450 A 1.75,1.91,1.98,2.16,1. 4 min, %% Ji{,
IR 0T SRR, R LS L B8R v T A 2R BT
o, BA B 1 L 8 1k, o0 2% 1R AT AT, OG5
KL 1,

2.6.2 [mliR s (MK e s HOPBS 22 P 1
mL, BRI bR Ah, HoAx ## 2.4 0T AR, B i
I3 AR O Y QC FE AR A 5 Oy, BEREIF
0 SR A R U TG AR (A ) B A s e T AR B LU A
(R) 5 3 1T FP e I 70 AH L vy v AR R 38 19 4 5 %
TR, A B AN 2 5 BUR IR UERE 10 SR 45 W) g
HFR(A) o DAHR B i 0 1 R 5 R 28 9 i E 3% 0F
FEARAT A 0 T AL 22 LU (A /A) 525 0 5T A 42 L
IR R R 20 AR A & B AR o ith £, 31 330 4% b o
Yy i vk B C g o 5 SEN BB IR 5 2 A
B B (C) M H (€ /C) 15377 i 22 IIi R o 45
RULA3 ~4, RWIFFI AL S W I 1SR RAF, 7 vk
FFFEAE R A ER

2.6.3 HEWE [A LR ECHE PR3 A B K
JEE B T A AL % 2 i RE 4 2. 4 U SR AT AR,
BRI RS 4,1 d NEENE S &K, 7T

B H A RSD; LI E 3 d,5R5 H B RSD. LI RSD
N AR AR LR 3 ~ 4 ARG
F RS 2 R A o

x3 HEFZHAZ AREHF MEHFEMRF
FEKERBEZEE(n=5)

Ko
MARE  fRfeeR bR

& iy H Hd

/mg-L /% /%

RSD/%  RSD/%

HI % 0.990 99.98 +4.4 94.0£7.0 3.5 7.6
8.907  106.54 3.4  110.0%4.6 3.0 4.0

80.160 106.69+7.9  107.3 1.2 5.5 2.4

gl 0.323 81.79 1.8 82.7+10.4 2.4 8.9
2.905  103.13 £1.1 96.9 £6.2 1.1 5.3

26.145 103.80 2.2  116.7 +1.1 3.6 1.5
AREEH  0.045 98.04 +1.4 91.1+12.2 4.5 11.8
0.409  103.20 £4.3 98.0 4.0 1.9 4.7

3.683  106.02£2.9  106.5%2.7 4.5 2.6

Wit fz 45 0.249  106.61 6.6 94.9£5.3 5.4 7.1
2.244  108.37 £5.4 86.1+5.3 7.5 4.3

20.200 100.78 £2.3  110.3 £2.0 8.3 2.0

2.6.4 FREMEEE ralECH 4 R R PR
3 AR R (Y S A AR A (QC) Bl b BEE =
PEREI A AE 0,6 h 2 B HERE 73 A7, LA % Ak LS 1L
IKNE: by B % i R A A O A R AR R IR E
P B — PR W P47 3 o
[ 35 e ) 55 AR 3 A R R R o e i % 2%
.03 .



55 18 555 20 M) b SRS A R R Vol. 18,No. 20
2012 4F 10 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2012
A J— B quercitrin
002040608 112141618 222242628 33234 0020406081 12141618 2 22343638 3 3234
Ccynaroside 3
cynaroside
002040608 112141618 222242628 33234 0030406081 12141618 2 33343638 3 3334
002040608 112141618 222242628 33234 0020406081 12141618 2 22343638 3 3534
e s
002040608 11.2141.61.8 222242628 33234 0020406081 12141618 222242628 3 3234
002040608 112141618 222242628 33234 0020406081 12141618 2 22242628 3 3234
c quersleia .:] D K et
002040608 1 12141618 2 22242628 3 3234 0020406081 12141618 2 22242628 3 3234
A i " —
002040608 1 12141618 222242628 33234 0020406081 12141618 222242628 3 3234
T vitexin ':‘ vitexin
002040608 1 12141618 2 22242628 3 3234 0020406081 12141618 222242628 3 3234
002040608 1 12141618 2 22242628 33234 0020406081 12141618 2 22242628 3 3234
A ] A -
0020406081 12141618 2 22242628 33234 0020406081 121416182 22242628 3 3234
t/min

A ZHIMKK 5B,
B1

®4 HAEZHARABREF HEEFEZHRST
HEWERBEE(x£5,n=5)
8 1
MARE. SR pkmeR ———————
Y g Hh A
/mg-L /% /%
RSD/%  RSD/%
ERCE S 0.074 83.7+2.9 90.3+5.4 4.8 9.2
0.668 91.7 £3.2 94.7+7.0 7.6 4.4
6.012 99.2£10.3  109.5£3.0 3.6 3.3
LIRE 0.074 82.3+1.3 93.0£5.9 4.5 5.8
0. 664 89.7 +4.0 96.6 4.0 7.1 3.1
5.976 104.1+5.3 119.3+2.4 3.1 2.4
ABREH  0.009 72.2 £3.3 82.2+12.1 14.1 13.2
0.082 91.7£5.8 101.0 £8.4 7.0 5.1
0.737 98.6 7.7 113.7+3.9 3.4 3.0
itz 0.031 84.9+0.8 80.7 7.5 5.8 8.4
0.281 93.3+2.4 85.6 £10.4 4.9 7.1
2.525 84.9+5.4 97.9+2.9 7.2 2.4

MRRE AR (QC) L 23 3 4y, IR (2920 C) L E 6 h,4
CL 8 h, B URfl 3 Ik, 22 4b BRS JEFE DI 5E 4
Iy B2, DA % 1l 3% K 5 i b 45 4 A o TR &
.94 .

25 LGP G LA it 5 D 2% iR R
HER HARAREE METRAGESAOEREDRPHRS

VTR, R IR A R R E M B — T R
AT 3 . BRI K B W b b AR
TR B R AR SR B3R 3 R A& T RSD B <
10% , B fha e R AT .

2.7 MFEEALEFLE

2.7.1 BEEOHETT UL mL & H ERE S A
W (5,10,25,50,100 mg-L ™) BHBIEE LS, T 4
C B A, TOUVRL I B RS, 0 T R R0
1o TS O I IR AR T AR 245 vh ik B . L
2 mL 25 (3K 47 0y, 43 B 100 wL B e i 1)
Jo R e 43 0 R 5,10,25,50,100 mg- L7 TR,
WIE 30 s J5, BT 37 CARBHIHE 30 min, RiEHE
Ala, B FHEIERHOCE D, FEEREE LT, 4
C,5 000 remin "' , B0 25 min, 43 RS %8 R HUES O
B 200 WL CGREDEFR W , SR D, ) SOl IR 1
mL (BB D), # 2. 4 T F b BEARE &, W R I A
G 5 o 45 T A5 1) 45 SR A b il 46 rp 23 0 E 5 24

Y15 8 AL A R LA R B2 W . AR A
XD MK E AL G F
FEHSEEE =[(D, -D)/D,] x 100% (1)
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2.7.2 FEEHENET O KBHSEK3 em £4
/N BE, T ZE 8Kk 2 W 5 min, T 60 °C 218Kk whjk
2 min, U EEE 0P b VRS, T B R IR I, 4
CrrAE#H S

Bt b 3R b BRI 135 M A4S — AT B R A5 HL W
1 mL 28 P 105 0 A 355 BT 48 1A, ik — i 35 5 Bk LA {3 F
BATASTE G P R L BTN — R
WL KBTS S L S BT TS 15 mL 28
W B T L e 5 A % Y R 5 A R 43 1
45,10,25,50,100 mg-L™", 45 3 M1 4% 4 A i
i AR 7 () — 7K S T, I 3B G 35 A7 48 W T 06 B
KO B E S, T4 CHE 72 h 24P HOE6 .

BNTEE AT, FH 10% 11 w85 550 R 1 WK 2 35 AT A =
A E R AU R SRR 4 i
BTSN YR B2 D, FASHN 5 Uk FE D, IR AR AR
AR I MK E AL A%,

Pt vk G A 7 20 A N i b 4 A
LAy W I A A R AT e, S5 R LR 5,
dl R SPSS 18.0 4t it 24 4k {1 Univariate 1) B i
TR 2 - B A7 I8 ) Z27K°F (W) T5 2553
BT, 45 5 I 7 7 JIr 15 VA B Y PR P, T R O i O [
JIE RN SE (B (25 A R J0 2 5 4R R AR
iR R R U vk BT A A I B 4 A R T B
Mrik @R BA G 2EE X (P <0.01),

£S5 BREFEHENENEDRZAZEAR(v+s,n=5)

it/ %
] 2R 3R 2 A A ik g
/mg-L~
A E Tk U8 1 T 8 - 2 U -l T B IE %
100 85.69+0.9  84.27:2.7  83.37x0.8  86.43x2.5  74.2x2.7 82.13+6.0  84.800.9  86.40 £3.0
50 85.93+0.6  85.88:1.8  84.20x0.8  86.78x1.2 75.23x1.6  82.23x1.1  86.33x1.1 858826
25 86.39+0.6  86.45:x1.3  85.34x0.8  87.24x2.0 73.87x3.7 83.71+2.5  86.85:0.9  86.88:0.8
10 86.32+0.8  86.75x2.1  84.92x0.3  87.22x1.4 75.37%3.4  83.09:4.1  86.94x1.4 87.00:2.4
5 86.43+1.9  86.89x1.8  85.03x1.8  87.36x4.4 78.60x4.4  84.04x2.3  87.10x1.3  86.75x2.8

TE < AP 7 6 AS TR VR LU, P> 0. 05, b5 36 1A S 7 i i vk 5 1 A7 488 7 1% LU %, P < 0. 01,

3 g

IR 2 & 3 I8 T A T A AT
TETE (GEJBI UE T S A R R OB 9
BB IR B W o P I 9 B R TR
B B ARAE T (AT S b IR T A RS 2
WIRIHE o R A DL U I R, U Loy
i D AT o AR ) A 5 A 0 S Y o AR R, 2 R
g2 ¥ R T IR R O e AR AR 5 B IR 22
T AU Yy R it 1 T 9 24 e s S
T A A AR S R PRI A o A S [ i
R FH P 25 BTk O D 4 R F R X 25 )
H 2 A A AR 2 O3 9 1K AR 1 A AR AT
SE LIS FE I BN [ J5 3 T v 245 3 5 500 22 1oy
F) L3 2 P 405 5 P o B S 4 SR SR T R 0 E A A
V5 B I TS A S BOR DR R AR, BT RE N A
37 AT 1 P R BEAE T L Gibbs-Donn 203 LA K P& BT
A% O o 6 145 R A5 ) LA B AR A S Y A A
T 1 25 1 OB BT

3 SR P 7 325 A 3 B o o AR A 25 )
FENMR A DL AT B I W B2 5 K 45 5 1 i e, F DLW
ST I FHEE A 5 530 0 7 245 0 7 3 W 48 P9 i 5% o 1 e

JE BT AR AN G vh v B R e A U S 0 i 25 W)
AR BE o TRl ik T A B9 2T R 2K 4 R A I
HASERYETO% UL, H 5K EAL G
T 75 52 14 e 2 YL 1R 9 T vk BE AR PE o v I 25 R
W12 24 W) v BT 288 ) 20 AT RE R 70 LA &S A R A5 A
T, B 78 2% 25 W75 i PR L I 55 52 8 35 DR 28 i H A
259 RS2 DR A 259 65 9 60 R, Rz 3 2 1f.
AR G A e gl eI R IR R

[ &% k]
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